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Nomenclature
M� free stream Mach number
V� free stream velocity
Re Reynolds number

Cr wing root chord
� angle of attack
CL �������	�
��	��
CD �
�����	�
��	��
CM c.a
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An Experimental Investigation of the Effects of Canard Position on the Aerodynamic 
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An extensive experimental investigation is conducted to study the effect of canard position 
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wind tunnel. The wing and the canard have triquetrous shapes. Experiments are conducted 
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The canard at its up position increases the aerodynamic forces and decreases the static 
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A wide variety of canard designs have been proposed 
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for its interceptor role combined with good low-speed 
capability to allow its use on short runways or roads 
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ing the aerodynamic advantages of a closed-coupled ca-
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would result in a forward shift of the canard aerody-
namic center and a reduction in the hinge moment with 
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the pilot as a reduction in the stick force [3].
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able delay was obtained when the canard was located 
closest to the main wing and the model was pitched up 
at a fast rate or pitched down at a slow rate (e.g. Myose 
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or delay the formation of the wing leading-edge vortex. 
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documented in numerous other experimental studies 
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showed that suction induced by the wing vortices de-
creases in the apex region and increases in its down-
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that the canard downwash passes over the main wing 
surface, and causes a reduction of the pressure over the 
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angle of attack; hence the performance of the model is 
increased [21].
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on the wing surface, while at high angles of attack, the 
upper-canard was found to induce the most favorable 
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horizontal positions of the canard, higher suctions were 
achieved on the wing at moderate to high angles of at-
tack as the wing-canard distance was increased, i.e. the 
forward position of the canard [22]. 
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many experimental and numerical studies have been 
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In this study, a series of experiments were performed 
to study the effects of different canard settings, i.e., up, 
mid or down, and also rear, mid or forward positions, 
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2   Experimental Set up and Test Procedure
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Fig.1 shows a sketch of the model used for the present 
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Moreover, the wing aspect ratio is 2.2, with a half span 
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Figure 1. Schematic of the model.

2.2 Wind tunnel
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schematic of the wind tunnel is illustrated in the Fig.2.

Figure 2. Schematic of the wind tunnel.

2.3  Balance System
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with a six-component external balance capable of mea-
suring lift, drag, and side force as well as 3-component 
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At the next stage, these data are reduced to forces and 
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3  Experimental Procedure
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investigated by measuring the aerodynamic forces and 
moments for the following cases:
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respect to the wing, i.e., up, mid or down, as shown 
in Fig.3.

�����	�{{{��Q���	
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��
with respect to the wing, i.e., forward, mid and rear, 
as shown in Fig.3. 

Figure 3. Different vertical and horizontal positions of the ca-
nard with respect to the main wing

A free stream velocity of V�X&%��|�������	����
����	�
course of these experiments. It corresponds to a Reyn-
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beneath the wing for case II.

4  Results
As indicated, the main purpose of the present work is to 
explore the role of the canard in improving the aerody-
namic forces and also the maneuverability of aircraft. 
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sections.

 4.1   Results for case I
J���Z��	��������
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of attack for the main wing with and without the pres-
ence of the canard. Here, the canard is installed at the 
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formation of the leading edge vortex on the main wing 
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texes become stronger with the increase in the angle of 
attack and will occupy the entire upper surface of the 
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bursting of the vortices covering a large portion of the 
wing surface. 
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lift of the wing is increased for angles of attack of 12 de-
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of the canard that passes over the entire surface of the 
wing and interferes with the wing leading edge vortices 
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this case, the stall angle of attack of the main wing in-
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the favorable interference between the vortex system of 
canard and those of the wing.

�
���������	�
	

�������
�
�������
��
��

��	��������	

	���

��	���
�������������	��
�����	�
��	���"��������	������-
tack for the wing with and without the canard are shown 
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for lower angles of attack, but at a higher angle of attack 
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to some extent is due to the parasite and induced drag.

Results for case I show that the canard has a very effec-
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In other words, canard induces a non-uniform distribu-
tion of local angles of attack on the wing surface, which 
leads to a non-conical vortex formation over the wing 
and delays the vortex breakdown to higher angles of at-
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4.2    Results for case II 
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attack for different canard vertical locations, i.e., up, mid 
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a high canard location, the induced downwash of the ca-
nard passes over the wing more than the other two loca-
��������������������	��������	���������	���	�	
��������	�
canard are largest for a high canard location (e.g. Soltani 
	������:%#%8)*����	���������������������	������������	��
when the canard was attached at the mid location due 
to the decreased effect on the formation and position of 
wing vortices. 
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angle of attack for different vertical positions of the 
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the minimum and maximum of drag is obtained when 
the canard is positioned at its down and up location, 
respectively. Abovementioned results show that the ca-
nard at high position produces more lift, thus it is clear 
that the induced drag would be increased for the canard 
installed in this position. Variations of the aerodynamic 
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the canard at different vertical positions with respect 
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cy is one of the key parameters that determines the 
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is roughly directly proportional to its aerodynamic ef-
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endurance can be obtained with higher aerodynamic 
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tioned at its down location minimizes the aerodynam-
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this research corroborate with those by Hummel et al. 
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vertical positions of the canard.
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can be interpreted as  parameters that depend on the lift 
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asite drag is subtracted from the total drag and only the 
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important for the performance analyses and can often 
�	��	
�����
����������������
��������
�
�������������
	
�
>	����^��	�#$6Z8��J���$����"���������	�����
��������	�����
high and down positions with respect to the wing–body 
have a nearly similar trend in the drag polar while the 
drag polar of the canard at its mid position is lower than 
the other locations of the canard.

Figure 9. Drag polar for different vertical positions of the canard
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case I at different vertical positions of the canard are pre-
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stability of the model with angle of attack for case II is 
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ty has diminished with canards. It is evident that, these 
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the minimum stability and higher maneuverability, is 
obtained for the canard at its up position with respect 
to the wing.

Figure 10. Variation of pitching moment for different vertical 
positions of the canard.
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4.3    Results for case III 
Different horizontal positions of the canard with re-

spect to the wing, i.e., forward, mid and rear are investi-
���	�����	��
	���������	��������	�
��	���"��������	������-
tack for the mentioned locations of the canard are shown 
in Fig.11. It is evident that the maximum lift enhance-

ment occurs at the forward position of the canard and the 
minimum one is obtained for the rear position. Figure 
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result of the forward position of the canard caused by the 
appropriate interference of the wing vortices and canard 
downwash are obtained.
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for different horizontal positions of the canard are shown 
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ment occur in the forward and the rear positions of the 
canard, respectively, due to higher induced drag; Fig.12.
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with different angles of attack are shown. It is obvious 
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results indicate that the maximum stability occurs in 
the forward position of the canard due to the maximum 
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lowest amount of stability is achieved for the model with 
the canard at the closest position of the main wing.

Figure 13. Variation of the pitching moment for different hori-
zontal positions of the canard.

{��J���#Z������
������������	��	
���������	�
��	�������
the wing-body model at different horizontal locations of 
��	�����
��������"�����	�
��������	�����
��	��������	�
canard, when located at forward position has the more 
�	
��������� 	�
��	���� ��� �����
����� "���� ��	� ���	
�
horizontal locations. 

�
����������	�
	

�������
���	������	%
������
����������
������
�
horizontal positions of the canard.
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model for different horizontal positions of the canard 
are presented. It is evident that the canard at the rear po-
sition has the lowest effects as compared with the other 
�������������	�����
�����������
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���������������������	
�
lift.

Figure 15. Drag polar for different horizontal positions of the 
canard.
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at moderate to high angles of attack, as the wing-canard 
distance was increased, i.e. the forward position of the 
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that with rear portion, the amount of the suction peak for 
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is mostly restricted to the front and middle portions of 
the wing. At the rear portions of the wing, near the trail-
ing edge, the amount of suction is roughly half of that 
of the front region. For the most forward position of the 
canard, by increasing the horizontal distance between 
the canard and the wing, higher suction is achieved for 
moderate to high angles of attack. It seems that the upper 
far position for the canard is a proper choice for the best 
performance at high angles of attack among the wing-
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�!����� ���
��
������� >	���� �������� 	�� ���� :%#%8�
[22] that is in agreement with outcomes of this research.
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5  Conclusion
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